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Large Language Models (LLMs)

Text-to-text, translation, code generation

) N7 ¥ 7 from skimage.io import imread
Open hela-cells.tif SOPERS . Nag y X .
Image = imread(“hela-cells.tif”)
English
Python
network
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Bio-image Analysis
My job ...

o Original Image o Segmented Nuclei
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Bio-image Analysis using Large-Language Mode

My job is changing, since we have ChatGPT

ChatGPT
; Original Image : Segmented Nuclei
Prompt: - s
“Please segment . .
the nuclei in the N
blue channel of
the image”

The seagmentation of the nuclei has been performed on the blue channel of the image. The right side of
the figure shows the segmented nuclei in different colors, each corresponding to a different nucleus in

the fiald of view. Each color represents a unigque label assigned to the individual nuclei detected inthe

image. [>-)
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Vision language models for counting objects

LLMs were not exactly built for this use-case...

@ Yo & ChatGPT
There are three blue nuclei visiole in this image.

How many 2lue nuclei are in this image?
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Vision language models for counting object

Prompt: ,Analyse the following image by counting the bright blobs. Respon
with the number only. “ (n=25)

Vision models counting blobs
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Multi-modal LLMs

Combining image, text and [...] data, to gain new [biological] insights.
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There are 4 cells.

How many cells ) .
Y | just marked their

are there?

nuclel.
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Analysis

Bio-image Analysis using Large-L

skimage io, filters, measure, morphology
matplotlib.pyplot plit

My job is changing, since we have ChatGPT —_—

.::}. ChatGPT image = 1o.imread(

Original Image

blue_channel = image[:, :, 2]
100

Prompt:
“Please segment
the nuclei in the
blue channel of

the image”

200 200 thresh filters.threshold otsu{blue _channel)
binary blue_channel > thresh

300 300

400 400 cleaned = morphology.remove _small objects{binary, )
closed = morphology.closing(cleaned, morphology.disk(=})

500

100

0 100 200 300 400 500 600 0

The segmentation of the nuclel has been performed on the blue chan et B =T CEE f-m N d P EL L R e Eeed-l ) )
the figure shows the segmented nuclei in different colors, each corres

the field of view. Each color represents a unique label assigned to the . ) o
fig, ax = plt.subplots{l, 2, figsize=(12, S})

image. [>-) ax[0].imshow(image)

ax[0].set_title(

ax[1].imshow({label image, cmap=

LLMs for Bio-image Analysis )
S DS AII Bio-IAS, Nice, France 2024 ax[1].set_titlel
Ca . Robert Haase @haesleinhuepf plt.show()
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Large Language Models (LLMs)

Text-to-text, translation, code generation

from skimage.io import imread

Open blobs.tif iImage = imread(“blobs.tif”)

English
Python
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- - TECHNISCHE <74
Bio-IAS, Nice, France 2024 e Ghrinte | UNIVERSITAT
ScaDS.Alll s e 10 UNIVERSITAT &' ifme
DRESDEN LEIPZIG June 14th 2024 DRESDEN s



.“ ®
’Bol?‘

Open source assistant: BIA-Bob ([
» No need to upload %bob Load the blobs.tif image file and show it.

your [image] data

(-> privacy) | will load the bleobs.tif image file and then display it

using the appropnate visualization function.

« Multi-agent/
_p|atform Capab|e from skimage.ic import imread

import stackview

e Vision models

shape (254, 256)

# Load the image file

« Extensible through Filensme — 'blobs tif" ovpe

p|UginS image = imread(filename) e 163330

min 8

 Integrated in Jupyter # Display the image e 248
o

" L] %00
o - stackview.insight{image) .
Jupyter N e
.\ , o 30 100 150 200 ase

LI._Ms for Bio-image Analysis TECHNISCHE <40
ScaDS.ANl e i, hitpsi/github.com/haesleinhuepf/bia-bob (L) UNNERsITAT {7 (hHE™

W | LEIPZIG
DRESDEN LEIPZIG June 14th 2024 DRESDEN



https://github.com/haesleinhuepf/bia-bob

Generating complex code blocks

Use the $%bob

*xbob
Load the blobs.tif grayscale image from disc.
Segment the nuclei-like objects in it using

Otsu's method and connected component labeling.
Measure area of the segmented labels.

Print the area on top of the labels.

syntax to ask for complex analysis tasks.

https://github.com/haesleinhuepf/bia-

. “‘.
‘B ob’

T 4

from skimage.io import imread

from skimage.filters import threshold_otsu
from skimage.measure import label, regionprops
import matplotlib.pyplot as plt

import stackview

# Logd the image
image = imread('blobs.tif")

# Apply Otsu's thresholding
threshold = threshold_otsu(image)
binary_image = image > threshold

# Perform connected component Labeling
labels = label(binary_image)

# Measure area of the segmented lLabels
props = regionprops(labels)
areas = [prop.area for prop in props]

# Create an image with Lobels and area values on top
fig, ax = plt.subplots(figsize=(§, 8))
ax.imshow(image, cmap='gray"')

for prop in props:
y, X = prop.centroid
area = prop.area

ax.text(x, y, f'{area}", color="red")

stackview.curtain(image, labels)

UNIVERSITAT
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Generating notebooks

... also great for learning Python

kibob assume you communicate with a Python beginner. Generate a Jupyter notebook named ~python_weather_analysis®™ that cover:
Load german_weather 2823.csv using pandas,

visualize the head of the table,

summarize the table and show the infos for the dataframe

compute the mean and maximum temperature (a column in the table)

make use of pandas internal plotting methods to plot the rain over the days (scatter plot), omit the x-axis labels.

group the data to the four seasons by associating the months of a year.

plot a boxplot of rain in the four seasons using seaborn.’

E I .

1 k

A notebook has been saved as python_weather_analysis.ipynb.
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https://github.com/ScaDS/Python-training-2024/blob/main/2_tables_plots/python_weather_analysis.ipynb
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. Generating notebooks In these kind of
. tasks, Python and

... also great for learning Python

ChatGPT are £7!

I thiz notzbook, we will perform a basic weather data analysiz using Python.

Summarize the Table and Show Info

. Load weather datz from 2 il using pandas.

Wz will summarize the dataframe and show its info to understand the columinz and types of data we are dealing with.

2 the first faw rows of the tabla.
ize the tablz and show tha information of the dataframa.

. Summ;

. print(df.describe(
Compute the mean and maximum temperature from the data. rint{df.describe(})

@ scatter plot of rain over the days using pandas plotting methods.

i ) temperature Group Data by Seasons
up the data by seasons and plot 2 boxplot of the rain da zazons uzing sezborn. count  365.029008 365.000008
mean 12.768184 18059658 o o L i o
std 8.545935 7.639665 We will group the data by seasons (Winter. Spring. Summer, Autumn] by associating the months of the year and then plot 2 boxplot of rain
- . min -4.944775 8.145447 in the four seasons using seabormn.
Disclaimer 25% 5.143935  6.272566
8% 18.427244 9.
This code iz generated by an Al model using the bia-bob project. It i good scientific practice to chack the code and resull 75X 15.182317 13061107 def get_season(month):
carefully. max 29949551 57.7898E1 &F month dn [12, 1, 2):
return “Winter
print(df.info(}) elif m:r'. 4, 5]:
. . return
Import Libraries - 17 ace .
P <class *pandas.core. frane.DataFrane’>| Scatter Plot of Rain Over Days B i 1) H) Ak
RangeIndex: 365 entries, & to 364 .
First, wa will import the nacassary libraries for our analy: . o 1 columrs )« else
! D:L" ;Ul"" s (total 3 columns): We will use pandas’ intemal plotting metheds to create a scatter plot of rain over the days, omitting the return "Autum
Colum Man-N it Dyl
impert pandas as pd 5 dete e . dF['seasen’ | = datetine{df['date']).dt.month. apply(get_season)
import matplotlib,pyplot as plt H c:.|:=.-¢Lu-= e P df .plot.seatter (x="date’, y="rain’, xlabel='date’, ylabel='Rain (m)’, title='Rain over sns boxplot (x ', y="rain’, data=df)
import seaborn as sns 2 rain 365 1 ol plt.xticks([1} plt.title(
dtypes: Floatsd(2), sbject(1) plt. show( ) plt.xlabel
. S plt.ylabel| R
memory usage: 3.7+ KB Ry
N pit. L
Load Weather Data " o Rain over the Days
- Rain by Season
Wa will load the westher datz from 2 O3V filz czllad gernan_weather 2823.cay sing pandas Compute Mean and Ma a0
o
. 50
Mext, we will compute the mean and ma
df = pd.read_csv(’ german_westher_2823.csv') . N N w
- - .
40 - o [+]
Visualize the Head of the Table . w o g
= .
E .
Let’s have & logk at the first few rows of the dataframe to understand the structu E' 0 o o
Mean Tenperature: 18.788184411661468 E: 0 . . g
Maimun Temperature: 29.8495525561885) - . =
display(df.head ()} 20 & - - -]
- .‘{-’ c‘o 2
date temperature rain ‘ﬂh ~.-‘ -
20 . " - L 0y —
0 2023-01-01 1254530 14! - Lo
. g 'ﬂ* -
1 20230102 0945535 : '.ﬁ?"“ "
3-01-02 5865
. Vo
2 2023-01-03 -4410164 12661761
aate
a
3 2023-01-M4 2080726 5205845
winter rin Summer Autumn
4 2023-01-05 3324426 7123301 Spring
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Vision Language Models
» Classifying images @&

« Describing images

A picture of a
rcat and a
microscope
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Vision language models

#ixbob image

what's in this microscopy image? Answer in one short sentence.

The microscopy image shows cells with blue-stained nuclei and green-stained
cytoskeletal structures.

#%bob What deep-learning based algorithm could segment the nuclei *

The deep-learning-based algorthm that could segment the nuclei is Cellpose.

%bob Write code for applying Cellpose to this image.

We will apply the Cellpose algorithm to segment nuclei in the image using

Biologist
Python code.,
# Apply Cellpose model ComPUter
model = models.Cellpose(gpu=False, model_type="nuclei®) SC|ent|St
masks, flows, styles, diams = model.eval(image, diameter=None, channels

e UNIVERSITAT
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Generating notebooks using vision models! o
Ask %%bob to generate a Jupyter notebook

hela_cells = imread("hela-cells-8bit.tif")
stackview.insight(hela_cells)

shape (512,672 3)

Present Bob an image like this

dtype uint8
size 1008.0 kB
min 0
—— 255 &kbob hela cells

Please write a new Jupyter notebook for processing this image.

Itz filename is "hela-cells-8bit.tif".

At the beginning of the notebook describe the image it is made for.
I would like to segment the cbjects in the blue channel.

Write Python-code for doing this and please add explanatory notebook

" = ' n o = = = 1
o 00 300 500  .400 S0 800 cellls in between E}LElﬂlr‘llﬂE what you're dc:nlnE in detail as I'm a
Python-beginner.

Thanks :-)

A notebook has been saved as segmenting_hela_cells_blue_channel.ipynb.

UNIVERSITAT
LEIPZIG

LLMs for Bio-image Analysis . . .
Il Bio-IAS, Nice, France 2024 hittps://github.com/haesleinhuepf/bia- TECHNISCHE
Sca DS.AI Rl)obert Halacsee @r)igceesleinhuepf ' 1 ' v UNIVERSITAT

DRESDEN LEIPZIG June 14th 2024 bob/blob/main/demo/generate_notebooks.ipynb DRESDEN



https://github.com/haesleinhuepf/bia-bob/blob/main/demo/generate_notebooks.ipynb
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- SNN°
’Bol?‘

Generating notebooks using vision models §.°

-~ File Edit View Run Kernel Tabs Settings Help
=1 ® generate_notebooks.ipynb @ @+ [ Launcher x " segmenting_hela_cells_blue_ X | + o°
B + X 0O [ RunSe d Cells Interrupt Kemnel Restart Kemel B + X 0 [ RunSelectedCells Interrupt Kemel Restart Kemnel Restart Kemnel and Run All Cells

Generating a notebook using vision Hela Cells Image Processing

= capabilities
This notebook is designed to process an image of Hela cells ( hela-cells-8bit.tif ). The
* The model we're using per default has vision capabilities. Thus, we can pass an image mage is 3 composite containing different color channels: blue, green, and red. Our objective is to
to bob and ask it to create a notebook for segmenting it: segment the objects in the blue channel which typically represents the nuclei of the cells,

hela_cells « imread(“hela-cells-Bbi We'll be using the skimage (scikit-image) library and matplotlib for image processing and

stackview, insight(hela_cells) plotting.

Import necessary libraries

dtype uint8
First. we need to import the libraries that will help us load the image. process it, and display the
size 1008.0 kB
results
min 0
max 255 import numpy as np
import matplotlib.pyplot as plt
from skimage import io, filters, measure, morphology, color
plt.rcParsm ] [1e, 8]
# Reod the (mage
image io.imread('hela-cells-8bit.tif")
[4] bob hela_cells B ™» VvV a&sF N ;l‘t:
Please write a new Jupyter notebock for processing this image. P’t-
Its filename is “hela-cells-8bit.tif", pit.
At the beginning of the notebook describe the image it is made for. p“'
plt.

I would like to segment the objects in the blue channel.
Write Python-code for doing this and please add explanatory notebook

cellls in between explaining what you're doing in detail as I'm a
Python-beginner.

Original Image

Thanks :
l A notebook has been saved as segmenting_hela_celis_blue_channelipynb
- -
Simple 0 3 @ Python 3 (ipykemel) | idle Mode: Command @ Ln1,Col1 segmenting_hela_cells blue_channelipynb m
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Optimizing documentation

E.g. to make code more readable imtodugton

NIE020K. wi will JeMenirate How 10 105 3 Biomage. VISLAISH 1T LEng STaCiaw. Ind Qupiors The IM3ge »eanadtvely. We will De

using am Imagx

flobs ‘or thiz exampie. The step: inciade loading the image and visualzing 2 using c¥ecent stackview functionaicies

Step 1: Import necessary libraries
Wevr ST Dy Imporng the feceszary lDrane: n thiz case skisage.io “oricacing the mage and stackvien “Of vizuaizaton

fron skisege Lo lapert Lwreod
ingort stackview

from skimage.io import imread .
import stackview Step 2: Load the image
= « imread(”../Dicks.tif") > = Nest v will 5032 The image 168 int0 3 vaniable The Imags L14d In This ALRBO0K H blabs. ti#
SR ‘ from bia_bob import bob i ’
stackview. insight(image) inoge « inreat Blobe ., ti#"
shape (264, 256) A 5 . R Step 3: Visualize the i ing stackview insight
— %%bob modify the notebook “mod_notebook.ipynb™ by e e
dtype uintd X = W will 38 stackview dnsight 20 visLakze the 0aded inage This funcrion T0ws for iMipacing ™ image
T e adding explanatory markdown cells between the code cells. ’ ‘ i
e : Also add a markdown cell at the very beginning that B
max 28 introduces the entire notebook shortly. e
i vze 65k
= ' The modified notebook has been saved as mod_notebook_1.ipynb. - s
200 el 3 248
-
100
50

LLMs for Bio-image Analysis
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GPU-Accelerating code

Original: Replacement:

H¥acc [8]: import pyclesperanto_prototype as cle ™ b 5
from skimage.ic import imread import stackview

from skimage.filters import threshold otsu

from skimage.measure import label # Load the image

from skimage.coclor import label2rghb image = cle.imread('blobs.tif")

import stackview
# Apply global Otsu threshold to segment the image

# Load the image binary_image = cle.threshold_otsu(image)
image = imread('blobs.tif")

# Label the objects

1
# Apply global Otsu threshold to segment the image labels = cle.connected_components_labeling box(binary_image) |t S O u r
binary image = image > threshold otsu{image)

# Display the color Llabels

L] L] L]
# Label the objects stackview.insight(labels) reS O n SI bl | It
labels = label(binary_image)

c:\structure‘\code'\pyclesperanto_prototype\pyclesperanto_prototype\_tierg)_ i

# Display the color Labels erbarning: cle.imread is deprecated, use skimage.io.imread instead. that reSu |tS a re
stackview.insight(labels) warnings.warn{"cle.imread is deprecated, use skimage.io.imread instead.™)

shape (254, 256) | e CO m p a ra b | e !

. dtype
dtype int32

_ size 2540 kB /¥
size  254.0 kB
i min
min 0
max
max 64

https://link.spring

er.com/chapter/1

0.1007/978-3-030-
76394-7 5
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==

Co ntext_dependent You are a extremely talented bioimage analyst and you use

Python to solve your tasks ...
system prompt
considering

## Python specific code snippets
If the user asks for those simple tasks, use these code snippets.

 |ocal variables and

functions * Load an image file from disc and store it in a variable: About
o insta”ed python from skimage.io import imread L 6500
libraries image = imread(filename) tokens
“‘ (words)
 chat history i

## Todos
Answer your response in three sections:
1. Summary: First provide a short summary of the task.

+ 2. Plan: Provide a concise step-by-step plan without any code.
yo ur p rom pt 3. Code: Provide the code.

UNIVERSITAT
LEIPZIG
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Compatible language models

« ChatGPT by OpenAl

bob.initialize("gpt-4-1106-previen")

%%bob
load blobs.tif,
segment it using Voronoi-Otsu-Labeling in pyclesperanto prototype

and show the image and the resulting label image together in one matplotlib subplc

| will load the blobs.tif image, segment it using the Voronoi-Otsu-Labeling method from
the pyclesperanto _prototype library, and display the original image and the resulting

labeled image together in a single matplotlib subplot.

from skimage.io import imread
import pyclesperanto_prototype as cle
import matplotlib.pyplot as plt

# load the image
image = imread('blobs.tif")

# Segment the image with Voronoi-Otsu-Labeling

labels = cle.voronoi otsu labeling(image, spot sigma=2, outline sigmaz=2)

« Gemini by Google

beb.initialize("gemini-pro™)

%%bob
load blobs.tif,
segment it using Voronoi-Otsu-Labeling in pyclesperanto_prototype

and show the image and the resulting label image together in one matplotlib subplot

Given the image "blobs.tif," follow these steps to load it, segment it using Voronoi-Otsu-
Labeling, and visualize the original image and the resulting label image in a single matplotlib

subplot.

import matplotlib.pyplot as plt

from pyclesperanto_prototype import voronoi_otsu_labeling

# Load the image
In = plt.imread('blobs.tif")

# Segment the image using Veoronoi-Otsu-labeling

Out = voronoi_otsu labeling(In)
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Compatible language models

« Mistral through Blablador

y

e CodelLama via ollama <

bob.initialize(endpoint="ollama', model="codellama")

® ‘O
2L,

Afterwards, you can use bob as usual.

Runs on
your local
computer
(offline)

#bob load blobs.tif and show it

The task is to load a TIFF image file named "blobs” and display its
content on screen.

import numpy as np

"
bob.initialize( Free online
endpoint="blablador’, H
model="Mistral-7B-Instruct-va.2") Service for
German
%bob load blobs.tif and show it .
o academics,
There was an issue. Retrying (1/3)...
Load and display the "blobs.tif" image file. Offe red by
HelmholtzAl
import io —
import matplotlib.pyplot as plt
import skimage.io as io Open SOU rce:
: L : https://github.com
image = io.imread('blobs._tif') ' <
o1t . imshow(image) /HelmholtzAl-
plt.show() FZI/FaStChat

Many OpenSource models seem less
capable than the commercial models,
when it comes to complex tasks

from skimage import io

from matplotlib import pyplot as plt

# lLoad the TIFF image
img = io.imread('blobs.tif")

# Display the image using imshow() from matplotlib
plt.imshow(img)
plt.show()
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https://github.com/haesleinhuepf/bia-

bob/blob/main/demo/custom_endpoints.ipynb

TECHNISCHE
23 @ UNIVERSITAT
DRESDEN

LEIPZIG


https://login.helmholtz.de/oauth2-as/oauth2-authz-web-entry
https://ollama.com/
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/custom_endpoints.ipynb
https://github.com/haesleinhuepf/bia-bob/blob/main/demo/custom_endpoints.ipynb
https://github.com/HelmholtzAI-FZJ/FastChat
https://github.com/HelmholtzAI-FZJ/FastChat
https://github.com/HelmholtzAI-FZJ/FastChat

Similar tools

Bob is not alone... and they are becoming more.

Napari-chatGPT / Omega

Ploaso write a widget that color projects a 30 stack akng the Z axis. The hue

of the projected pixel Is proportionai 1o tha depth of the vosel of max intensity,
the luminance is proportionsl to that max Intensity, and the saturation is
proportionsl to the contrast between the max intensity and the average
intensity

nature methods

Explore content v About the journal v Publish with us v

nature » nature methods » correspondence > article

Correspondence | Published: 10 June 2024
Omega — harnessing the power of large language
models for bioimage analysis

Loic A. Royer =)

Nature Methods (2024) ‘ Cite this article

58 Altmetric | Metrics

https://github.com/royerlab/napari-chatgpt

i

File Edit View Run Kernel

@ Jupyternaut

This code defines a function
called len that calculates the
least common multiple (LCM) of
two numbers, x and y .

To find the LCM, the function
first determines the greater of
the two numbers by comparing
x and y . Then, itentersa
while loop that continues
indefinitely until the LCM is
found.

Inside the loop, it checks if the
greater number is divisible by
both x and y withouta
remainder. If it is, the LCM is set

to be the greater number, and

the loop is exited using the
break statement.

If the greater number is not
divisible by both x and y, the
loop continues by incrementing
the greater number by 1.

Once the loop is exited, the
function returns the LCM.

Overall, this code calculates and
returns the LCM of two given
numbers.

Jupyter-Al

Tabs Settings Help

L | code.ipynb

B+ ¥

[5]:

o =]

Include selection
[ Replace selection

om3 @

Simple

Python 3 (ipykernel) | Idle

o +
M [ » m C » Code
sreload_ext jupyter_ai

S%ai chatgpt —format code

A program that asks me for my name and then greets me by my name, in Polish

name = input(“Jak masz na imie? “)
print(Czes¢ " + name + "1"

Jak masz na imie? foo
Czes¢ foo!

%%ai chatgpt —-format code

A function that computes the lowest common multiples of two integers, and a function that runs &

def lem(x, y):
if x>y
greater = x

else:
greater = y

while True:
if (greater % x == @) and
lem = greater
break
greater 4= 1

return lcm

def test_lem():
assert lcm(3, 5)
assert len(7, 9)
assert lem(18, 24
assert lcn(10, 15)
assert lcm(12, 16) == 48

test_lem()

https://www.nature.com/articles/s41592-024-02310-w
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~ [ Jupyter Al—Jupyter Aldocum X+ - O X

®

G % jupyter-aireadthedocsio.. ¥r £} &

— —
=~ Jupyter Al Q

liil
i

Jupyter Al

Welcome to Jupyter Al, which brings generative Al to Jupyter.
Jupyter Al provides a user-friendly and powerful way to explore
generative Al madels in notebooks and improve your productivity in
JupyterLab and the Jupyter Notebook. More specifically, Jupyter Al
offers:

® An #mai magic that turns the Jupyter notebook into a
reproducible generative Al playground. This works anywhere
the IPython kernel runs (JupyterLab, Jupyter Notebook, Google
Colab, VSCode, etc.).

A native chat Ul in JupyterLab that enables you to work with

generative Al as a conversational assistant.

Support for a wide range of generative model providers and
models (Al21, Anthropic, Cohere, Gemini, Hugging Face,
QOpenAl, SageMaker, NVIDIA, etc.).

https://jupyter-ai.readthedocs.io/

Bioimage-io ChatB

Biolmage.lO Chatbot

Biclmage.lO Chatbot

/% Hithere! I'm Skyler. How can | help you today?

@

- [P o [
=+= Options ‘

ariv

|
We gratefully acknowledge |

nell University

- cs > arXivi2310.18351 Help | Adva

Warning: Biolmat
Computer Science > Artificial Intelligence
[Submitted on 23 Oct 2023 (v1), last revised 16 Apr 2024 (this version, v6)]

Biolmage.lO Chatbot: A Community-Driven Al Assistant for
Integrative Computational Bioimaging

Wanlu Lei, Caterina Fuster-Barcelo, Gabriel Reder, Arrate Mufioz-Barrutia, Wei Ouyang

https://bioimage.io/#/
https://arxiv.org/abs/2310.18351
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Similar tools

Bob is not alone... and they are becoming more.
GPTs

Discover and create custom versions of ChatGPT that combine instructions, extra knowledge,
and any combination of skills.

Microscope Image Analysis GPT image znalysig Bio-image Analysis GPT
A
Image to Video *
Expert in microscopy image analysis with Pythan, skilled in tools like ® Bio-image Analysis with Python, a GPT created with content from the
scikit-image, SimplelTK, Cellpose, Napari, Starfish, Dask, Numpy and Smarter mage Anlyss ® BiolmageAnalysisNotebooks by R. Haase, G, Witz, M. Fernandes, ML
Pandas. Zoccoler, S, Taylor, M. Lampert, T. Korten, licensed CC-BY 4.0 and BSD3

@

unless mentioned otherwise,

42 Other 300+ @ Bio-image Analysis GBT l https://haesleinhuepf.github.io/BiclmageAnalysisNotebooks

* 42 Other 1K+

PPT and PDF Analyst with Image Analysis

Conversation Starters
° Microscope Image Analysis GPT
How do | use Cellpose for cell What's the best way to analyze Conversation Starters
segmentationt fluorssence images In Fythent e Image Analyse and Description for Recreation How can | segment bright blobs How can | segment cells in a
. . . o : in a fl i fl i i
Can you help me debug this Tips for improving image analysis 7 3 Turescence microscony JOrEsCence microscopy Image
SimplelTK code? with Dask? Stable Diffuser
o How can | measure the number of How can | erode labels in a label
neighbors in a label image? image?
5R image analysis
Capabilities
« Code Interpreter & Data Analysis Image Analysis Assistant Capabilities
+ Browsing ~  Browsing

https://chatgpt.com/g/g-FGANx7MII- _ : https://chatgpt.com/g/g-psAohb10Y-
microscope-image-analysis-gpt http://chat.openai.com/gpts bio-image-analysis-gpt
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Benchmarking LLMs for Bio-image Analysi

Is GPT-40 better
Which LLM should | than Claude? | Do LLI\/l;
pay for? introduce bias?

Can LLMs act
How can we validate  HQOW gOOd are LLMs for according to good

LLMs for BiA? .- , scientific practice?
Bio-image Analysis?

Will we all be How can we validate
replaced by Al specific LLM output
anytime soon? What are the limits of without ground truth?

the LLM technology?
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Benchmarking LLMs for Bio-image Analysi
Example test-case inspired by HumaEval (Chen et al 2021)

def workflow_segmentation_measurement_summary(image):

This function implements a workflow consisting of these steps:

* threshold intensity input image using Otsu's method F)r()rT]F)t
* label connected components

* measure area of the labeled objects

* determine mean area of all objects

import skimage
import numpy as np
binary_image = image »> skimage.filters.threshold otsu{image)

label image = skimage.measure.label(binary_image) REference
stats = skimage.measure.regionprops(label_image) .
areas = [s.area for s in stats] SO|Ut|Oﬂ

return np.mean(areas)

def check{candidate):

import numpy as np We fo rm U |atEd
assert candidate(np.asarray([

[,8,8,0,8], Unit test 57 Of SUCh tESt_

[1,1,1,8,8],

>
[1,1,1,0,0], (excerpt)

cases (yet)

[@,0,8,08,8],
1) ==

| UNIVERSITAT
LEIPZIG

= ;
'éiLgf';\‘;orN‘?i‘;";j;:ﬁ‘ze/*ggz'fis Chen at al 2021: https://arxiv.org/abs/2107.03374 TECHNISCHE
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Benchmarking LLMs for Bio-image Analysi

Use case: segment the image and measure the average area of objects.

0 9550
1 3.0
2 15.0
3 1188.0
4 1135.0
5 6800
6 13740
7 7120
. S Qo"’ o Qo’
Unit-test pass-rate (n=10): Lo S = © >
E W S RPN e N &
& J AN b& Q¥ ¥ 0 6\\0 2
&Q‘/@ % Qq’ C ”19% @ & QOQ\\Q ¢ ©

%
workflow_segmentation_measurement_summary mm 0.1
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Benchmarking LLMs for Bio-image Analysi

Use-case: compute the correlation matrix

a b c d e

0 1.600000 EeRLLGHGE 1.600000 1.700000 1.700000
1 2.300000 EeRLLLUGE 2.300000 2.400000 2.400000 ] b C d
2 2.600000 EeELLGHHE 2.600000 2400000 2400000
3 3700000 EENGGGGE 3.700000 3.600000 3.600000 0.949504 0.995200
4 3400000 EeXLOVasN 3.400000 3.500000 3.500000 .lDDDDDD DQ:!E;{IEQ
5 3.500000 EeELLGHHE 3.900000 3.900000 3.900000
6 | 4300000 Tl 4300000 kLl 0.949594 1.000000 | 0.995001
7 4.300000 EUEGHLGHE 4300000 4.200000 4.200000
0.946039 0.995001
8 | 4.000000 EelTaleivivi]
gl 100000 0:500000 >O000001 5000050 0.995800 0.946039 0.995001
([l 5.200000 0.600000 5.100000 5.100000
LAl 5.300000 0.600000 5400000 5.400000
PR 5.500000  0.600000 5.400000 5.600000 5.600000
& .
. N o
: — . o Q © S
Unit-test pass-rate (n=10): Lo S = © >
@ R A W & R <
& I S P 26 & S
b Q
X2 Y CY v & DN & S
& > > Q N % C
pair_wise_correlation_matrix 1.0 1.0 0.1
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Benchmarking LLMs for Bio-image Analysi

Use case: Count segmented objects in a folder of segmentation results.

=i Ganglioneurcblastoma_0.tif
=i Ganglioneurcblastoma_1.tif
=i Ganglioneurcblastoma_2.tif
=i Ganglioneurcblastoma_3.tif

=i Ganglioneurcblastoma_4.tif

S
° — . / Q b/
Unit-test pass-rate (n=10): So A ©
& K T K
& g P K
& AN Al Q¢
workflow_batch_process_folder_count_labels 0.1 0.0 0.3

https://www.biorxiv.org/content/10.1101/2024.04.19.590278V1
https://github.com/haesleinhuepf/human-eval-bia

Data Source: https://www.ebi.ac.uk/bicimage-
archive/galleries/S-BIAD634-ai.html
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Benchmarking LLMs for Bio-image Analysi

O o)
o N © 0
QO O Q S
. & & NP I Q&f’? o S
Unit-test pass-rate (n=10) R A A S g

Statistics / tabular data wrangling
combine_columns_of tables m 0.1 m 0.1
CMWE 0 | os | 10 | 09 | o | os [
Ed 0 | 0 [ o | oo | 10 |[NNOSINENX
Measurements / feature extraction
measure_intensity_over_time m 04 0.1 0.4 0.0 0.1
1.0 0.2

measure_intensity _of labels 4 0.1 0.0 0.0
2

: 04 0
measure_properties_of regions 04 mm 0.2 0.0 0.1
count_number_of touching_neighbors m 0.1 0. 0.1 0.0 0.0

Advanced workflows / big data
tiled_image_processing 0.2 0.0 0.0 0.0 0.0

0.0
workflow batch_process_folder _measure_intensity 0.0 m 0.1 0.0 0.0
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- Benchmarking LLMs for Bio-image Analysi
Summary: 57 use-cases (yet), 15 LLMs (yet), n=10
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Summary: 57 use-cases
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Image generation models

Producing images, also replacing regions in images

(also ,Variation®, ,Inpainting”, ,,Gap-filling”, ,,Replacing”)

A picture of

a cat and a
MICroscope
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Other related use-cases of LLMs
Image variation - just for fun?
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Other related use-cases of LLMs

Image inpainting - introducing new challenges

Detecting
manipulations
becomes harder

Curtain CE%) 672
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Summary & outlook

« LLMs can generate code to analyze
biological microscopy images

« Open-source benchmarks can help
targeting further improvement

 Challenges:
- ldentify best strategy (fine-
tuning, prompt-engineering,
RAGS)

o‘

: : How many There are 4
« Multi-modal / multi-agent cells are cells. 1 used
approaches there? this code...
* Introduce good scientific
practice -> trustworthy Al
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